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DESCRIPTION 

Linear drive device with a magnet yoke body and a permanent magnetic armature 

[001] The invention relates to a linear drive device 

comprising at least one excitation winding for producing a variable magnetic field, 
comprising a magnetic-flux-guiding main yoke body which accommodates the 
excitation winding and is provided with limbs, 

comprising a winding-free counter-yoke body which is located opposite to the main 
yoke body, wherein an axial gap is provided between the main yoke body and the counter- 
yoke body, 

[002] and 

15 - comprising at least one armature body provided with at least two permanent magnetic 
magnet parts arranged axial ly one behind the other and having opposite magnetisation, 
wherein the armature body is to be set in axially oscillating motion by the magnetic field of 
the excitation winding in the gap. 

20 [003] Such a drive device is deduced from US 5 559 378 A. \ 

[004] Corresponding drive devices are used in particular to set pump pistons of compressors 
in linear oscillating motion. The system comprising such a compressor and an associated 
linear drive device is therefore also designated as a linear compressor (see, for example, JP 
25 2002-03 1 054 A). In corresponding known linear compressors, its oscillatory parts are 
designed for a specific oscillation frequency. 

[005] The drive device known from US 5,559,378 A comprises at least one excitation winding 
in an E-shaped laminated iron yoke as a three-pole main yoke body. Opposite to this is a 
30 counter-yoke body containing no excitation winding parts and serving as the part which 
reduces the magnetic resistance in a magnetic flux circuit. A slit-shaped gap is formed 
between the main yoke body and the counter-yoke body in which the magnetic field exerts a 
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force, which depends on the direction of the current, on two alternately polarised plate-shaped 
permanent magnets of an axial ly movable armature body located therein. This movement can 
be used to drive a pump piston of a compressor. 

5 [006] In the drive device known from the US-A specification, the pole surfaces of the two 
lateral limbs of the E-shaped main yoke body should each have a significantly greater axial 
extension than the middle limb. This is ensured by constructing the lateral limb as kinked on 
its side facing the armature body to form a part extending parallel to the surface of the 
armature body. A corresponding main yoke body is accordingly expensive to produce. In 
10 addition, it is difficult to arrange the excitation winding parts in the winding windows formed 
between the limbs. 

[007] It is thus the object of the present invention to construct the linear drive device having 
the features specified initially such that its structure is simplified. 

15 

[008] A first solution of this object is achieved according to the invention with the features 
according to claim 1. Accordingly, all limbs of the main yoke body should have the same 
axial widths at their pole surfaces facing the armature body, wherein neighbouring limbs are 
each spaced apart from one another axially by the pole surface spacing and the axial extension 
20 of each magnet part should be at least approximately equal to the sum of the pole surface 
width and a pole surface spacing. Deviations of the sum by ±10% should be included. 

[009] The advantages associated with this embodiment of the drive device can be seen in 
particular in a simple and cost-effective structure of the excitation winding whilst the weight 
25 of the magnetic-flux-guiding material is restricted. 

[010] Advantageous embodiments of the linear drive device according to the invention are 
obtained from the dependent claims. In this case, the following features can additionally be 
provided individually or in combination for the drive device according to claim 1: 
30 - The main yoke body can comprise pole shoe bodies in the area of its pole surface, 
whose axial extension is greater than the corresponding extension of the winding 
windows which holds the excitation winding between the limbs. At the same time, the 
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pole shoe bodies can be placed on the respective limbs. A larger winding space and 
therefore a larger wire cross section in the winding windows can thus be achieved with 
this measure. A lower coil resistance and consequently lower electric losses are 
associated therewith. 

5 

[01 1] A further solution of said problem can be seen according to the invention in the 
measures according to claim 4. Accordingly, the linear drive device having the features 
specified initially should be embodied in such a manner that the main yoke body and the 
counter-yoke body form a common yoke body with common lateral limbs, wherein the main 
10 yoke body has a central limb which has an axial width at its pole surface facing the armature 
body, which is at least as large as the axial extension of each magnet part. 

[012] This further embodiment is characterised by a restricted magnet width and accordingly 
little permanent magnet material. Consequently, in addition to the advantage of material costs, 
15 the moving mass is correspondingly lower. 

[013] This embodiment of a drive device can advantageously additionally have the following 
features individually or in combination: 

20 [014] - Thus, the axial width of the central limb can be greater than that of the lateral limbs, 
wherein the axial width of the lateral limbs is in each case half as large as that of the central 
limb. This is therefore associated with a corresponding restriction of the magnetic-flux- 
guiding material of the common yoke body. 

In addition, it is particularly advantageous if the stroke of the armature part during the 
25 oscillating movement is smaller than the corresponding extension of each winding 

window which holds at least one excitation winding between the limbs. In particular, 
the axial extension of each winding window can be equal to the maximum distance of 
the pole surfaces of the central limb from the corresponding lateral limbs. This enables 
the excitation winding to be assembled easily. In addition, hitting of the armature body 
30 against the lateral limbs during its oscillating movement is avoided. 
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[015] Advantageous embodiments of the two embodiments of linear drive devices according 
to the invention can additionally have the following features individually or in combination: 
Thus the counter-yoke body can comprise limbs having an axial width at the pole 
surfaces corresponding to the limbs of the main yoke body. Instead, the counter-yoke 
5 body can be embodied as plate-shaped or rectangular, i.e. it has no defined limbs. 

Particularly advantageously, the axial width of the at least one pole surface is at least 
approximately equal to the stroke of the armature body during its oscillating 
movement. 

the magnet parts are appropriately embodied as plate- or strip-shaped. 
10 - The armature body of the drive device is preferably rigidly connected to a pump piston 
of a compressor. 

[016] Further advantageous embodiments of the linear drive device according to the invention 
are obtained from the dependent claims not discussed previously and the drawings. 

15 

[017] The invention is explained in further detail hereinafter using preferred exemplary 
embodiments with reference to the drawings. In the figures: 

[018] Figure 1 is a schematic oblique view of a linear drive device according to the invention, 

20 

[019] Figure 2 is a particular embodiment of a counter-yoke body, 

[020] Figure 3 is a particular embodiment of a main yoke body 
[021] and 

25 

* [022] Figure 4 is a particular embodiment of a main and counter-yoke body. 

[023] In the figures corresponding parts are each provided with the same reference numerals. 

30 [024] In the linear drive device according to the invention indicated in Figure 1, embodiments 
known per se are assumed such as those provided for linear compressors (see US 5,559,378 A 
specified initially). Substantially only an upper and a lower part 2a or 2b of such a drive 
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device can be seen from the oblique view in the figure, these parts being arranged on both 
sides of an axial plane E. In its upper part 2a, the drive device 2 comprises an excitation 
winding 3 in winding windows 4 between limbs 5a to 5c of a magnetic-flux-guiding main 
yoke body 5. This yoke body 5 has the known E-shape, for example. A magnetic-flux-guiding 
5 counter-yoke body 6, also E-shaped, is provided in the lower part 2b on the opposite side of 
the plane E. This counter-yoke body carries no excitation winding parts so that its limbs 6a to 
6c can be embodied as substantially shorter compared with the limbs 5a to 5c perpendicular to 
the plane E. Located in a central, channel-like or slit-like gap 7 between these two opposing 
yoke bodies or their opposing pole surfaces F p is a magnetic armature or armature body 8 

10 comprising, for example, two plate- or strip-shaped permanent magnets 9a and 9b of a 

permanent magnetic material such as NdFeB, for example. Their magnetisations M directed 
anti-parallel perpendicular to the plane E are indicated by arrowed lines. This armature body 8 
can execute an oscillating movement in the axial direction in the plane E in the variable 
magnetic field of the excitation winding 3. This armature body comprises at least one axially 

15 lateral extension part 10 which is merely indicated and which is advantageously rigidly 

connected to a pump piston 1 1 of a compressor V not shown in detail in the figure. This pump 
piston consequently executes the axially oscillating movement of the armature part 8 about an 
armature stroke H. 

20 [025] According to the invention, all the limbs 5a to 5c and 6a to 6c have the same axial 
widths bj in the area of their pole surfaces F p . The width bj can be selected so that it 
corresponds to the stroke H of the moving armature body. In addition, the axial width bj and 
the pole surface spacing of neighbouring pole surfaces, which corresponds to the winding 
window width b w , is selected so that the sum bj + b w is at least approximately equal to the 

25 axial extension b pm of each magnet part 9a or 9b. Deviations of ±10% from the exact value of 
the sum should be allowed. 

[026] Instead of the lower counter-yoke body 6 shown in Figure 1 which is provided with 
short limbs 6a to 6c, an unstructured counter-yoke body 13 having a plate or rectangular shape 
30 can be provided as shown in Figure 2. 
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[027] The embodiment of a linear drive device 15 shown in cross-section in Figure 3 differs 
from that according to Figure 1 in that in its upper part 2a, its E-shaped main yoke body 16 on 
the side facing the armature body 8 has special pole shoes 17a to 17c, whose axial width bj 
corresponds to the stroke H of the armature part but has a larger axial extension b w in the 
5 winding windows outside the area of the pole surfaces F p . In this case, the axial width bji of 
the individual limbs 16a to 16c is reduced compared with the pole shoes 17a to 17c placed 
thereon and is determined such that the magnetic flux can be carried by the iron cross-section 
without saturation of the iron. 

10 [028] According to a corresponding specific exemplary embodiment for NdFeB permanent 
magnet parts 9a, 9b and yoke bodies 16 and 6 made of FeSi alloy, the following values can be 
selected: 

[029] The following relationship is advantageously observed: bji_W_Bj.[B r /B Fe ].(d pm /di). 

15 

[030] In addition: 

[031] bj: width of pole shoe = stroke 20 mm 
[032] d pm : thickness of permanent magnet parts 3 mm 
[033] di : width of air gap 5 mm 
20 [034] B r : remanence of permanent magnet parts LIT 
[035] B Fe : flux density in iron yoke body 1.5 T 
[036] For example: width per limb bji W 9 mm. 

[037] A further exemplary embodiment of a linear drive device 18 can be deduced from 
25 Figure 4. In this case, the main yoke body and counter-yoke body are combined to form an re- 
shaped common yoke body 20 and common lateral limbs 20a and 20c. The axial width bj2 of 
its central limb 20b which leaves the gap 7 for the armature body 8 should be larger, 
preferably about twice as large, as the corresponding width b j3 of the lateral limbs 20a and 
20c. Here also, the armature stroke H corresponds to the axial extension b pm of the magnet 
30 parts 9a and 9b, where the width bj2 of the central limb 20b should preferably be greater than 
or equal to the magnet width b pm . As can be further deduced from the figure, the width b w of 
the winding window 4 should be greater than the armature stroke H. At the same time, on 
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both axial sides of the yoke body the distance a between the lateral end of the armature body 8 
at its maximum deflection and the respectively adjacent limb 20a to 20b should be at least half 
the thickness d pm of the magnet parts 9a, 9b of the armature body 8; i.e. it should hold that: a 
W dpm/2. In the figure, the maximum deflection is indicated by dashed lines. 

[038] In this embodiment of the drive device 18 provided with an M-yoke body 20, the 
mechanical connection 10 is guided past the lateral limb 20c on both sides. Optionally, a hole 
can also be provided in this limb for guiding the connection part 10. 
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